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(54) SWITCHING POWER SUPPLY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the enhancement 
of the power conversion efficiency of a switching power 
supply, by using FET for synchronous rectification and a 
circuit for making gate drive waveform constant, and 
further adding a high- speed off-circuit when the gate 
waveform is off. 

SOLUTION: In a low-loss gate drive circuit using a 
synchronous rectification circuit. FET's 6, 10 are fed 
with a gate voltage obtained by stabilizing the secondary 
winding voltage of a transformer 5 through the 
transistors 7, 10 for clamp and the diodes 8, 12 in a 
waveform shaping circuit. A diode for circuit interruption 
is connected with the gate of the FET 10 for reflux in a 
synchronous rectification circuit 18 between a transistor 
1 1 for clamp and a transistor 13 for discharge in order to 
discharge the charges in the gate capacitance through 
the transistor 13 at high speed. As a result, when the 
gate voltage is off, the voltage is quickly discharged 
through transistors 9, 13. and the diodes built in the 

FET*s are turned off before they are turned on. Thereby loss is reduced. As a result, the risk of 
gate breakdown can be reduced. 
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DETAILED DESCRIPTION 



.iDetail^d Description of the Invention] 

[0001] 

[The technical field to which invention belongs] Especially this invention relates to the efficient- 
ized switching power supply which used synchronous detection about switching power supply. 
[0002] 

[Description of the Prior Art] Conventionally, this kind of gate drive circuit for synchronous 
detection of low loss is used in switching power supply for the purpose of reduction of power 
consumption, or improvement in the reliability of a device. 

[0003] For example, to JP,8-336282A a synchronous detection gating waveform is operated 
orthopedically. the danger of gate destruction is abolished to it and the technology of also 
reducing loss of a gate drive circuit is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the conventional example on ** had the 
**** fault shown below. 

[0005] The 1st trouble has the trouble that the time of "off" of a gate drive voltage waveform is 
lost late, in a Prior art. 

[0006] The reason is because the built-in diode of FET for synchronous detection "turns on" on. 

[0007] this invention is made in order to cancel the above-mentioned fault which is inherent in a 
Prior art in view of the conventional above-mentioned actual condition, therefore the purpose of 
this invention reduces loss of FET for synchronous detection, and the new switching power 
supply which made it possible to raise the power conversion efficiency of switching power supply 
is offered — it is in things 

[0008] Other purposes of this invention are to abolish the danger of gate destruction of FET for 

synchronous detection. 

[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, using a circuit 
where FET for synchronous detection and a gate drive wave become fixed, further, the switching 
power supply concerning this invention adds the circuit which carries out at high speed at the 
time of gating waveform ''off^. and is constituted at it. 

[0010] In this invention, if the gate drive wave of FET for synchronous detection is fixed and it 
fixes also in the input minimum voltage - input maximum voltage, loss of FET can be reduced. 
[0011] Moreover, the danger of gate destruction also disappears. 

[0012] By carrying out "off" [ of the synchronous detection FET gate drive wave ] at high 
speed, before diode with built-in FET "turns on" on. "" can be carried out. and it becomes 
possible to reduce loss. 
[0013] 

[Embodiments of the Invention] Next, this invention is explained in detail, referring to a drawing 
about the gestalt of the 1 desirable operation. 

[0014] Drawing 1 is the circuitry view showing the gestalt of 1 operation of this invention. 
[0015] With reference to drawing 1 . the gestalt of the 1 operation by this invention consists of 
the DC input voltage 1. the main switching elements (MOS FET) 3 and 4. a transformer 5. 
synchronous detection circuits 17 and 18. a smoothing circuit 19. and load 16 grade. 
[0016] Drawing 2 is a timing diagram which shows operation of the gestalt of the 1 operation by 
this invention shown in drawing 1 . 



FET6 'turned on" on, let the smoothing circuit 19 pass by the gate voltage of FET6 for 
secondary synchronous detection, and was rectified to the load 16 It is impressed. 
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periods, and are flowing to the transformer 5 in the meantime The charge and discharge of the 
parasitic capacitance 20 are carried out by peak value Ip+. 

[0020] Period t3 -t4 The main switching element 4 is the period when the main switching 
' element 3 is "turned on" in ''OFF", and the ends of secondary of a transformer 5 are 
clamped by the clamping circuit which consists of the main switching element 3 and a capacitor 
2 in the meantime. 

[0021] By the gate voltage of FET10 for a rotary flow of a secondary. FET10 "turns on" on. the 
load current returns through FET10. and this period is the rectification voltage Vo to a load 16. It 
is impressed. 

[0022] Next the gate drive circuit of low loss using a synchronous detection circuit is explained 
with reference to drawing 1 . 

[0023] Here, the place which should be observed is the point that the stable gate voltage is 
applied by the waveform shaping circuit secondary **** voltage of a transformer 5 was 
constituted by the transistor 7 and diode 8 (a transistor 1 1 . diode 1 2) rather than was impressed 
to FET6 and FETIO as it was. 

[0024] That is. the waveform shaping circuit which changes from the transistor 7 for a clamp 
which clamps the gate voltage of FET6 to the zener diode 8 which generates a constant voltage, 
and below the fixed voltage that this zener diode 8 outputs is prepared in the gate circuit of 
FET6 for synchronous detection of the synchronous detection circuit 17. 

[0025] On the other hand, the transistor 11 for a clamp which clamps the gate voltage of FETIO 
is connected to the zener diode 12 which generates a constant voltage, and below the fixed 
voltage that this zener diode 12 outputs at the gate circuit of FETIO for a rotary flow of the 
synchronous detection circuit 18. 

[0026] Usually, when it is the conventional example in which a direct gate voltage is immediately 
applied to FET from the **** voltage of a transformer 5 ( drawing 3 ). it is VDS1 of the primary 
side main switching element 4 in change of input voltage. Voltage changes. That is. if it is low if 
input voltage is low. and input voltage is high, high voltage will occur and the ratio of a 
transformer 5 will be impressed by the secondary. If this **** voltage is high, the gate voltage of 
FET 6 and 10 for synchronous detection will also become high, loss of FET 6 and 10 will 
increase, and efficiency will fall. Moreover, if a gate voltage becomes high, the problem of the 
danger of FET6 and gate destruction of ten will also be produced. 

[0027] Another feature had the late time of "off" of a gate voltage in the conventional FET gate 
drive circuit for synchronous detection (technology indicated by JP,8-'336282.A). and it was one 
of the causes of loss (refer to [ drawing 4 VG1 ' and ] VG4'). 

[0028] In order to solve this, this invention is a circuit aiming at drawing out voltage quickly at 
the time of "off" of a gate voltage, carrying out "" at high speed, before the diode built in FET 
"turns on" on. and reducing loss with the transistor 9 of drawing 1 (13). 
[0029] That is, the diode 21 for circuit cutting is connected between the connection of the 
transistor 9 for electric discharge which draws out the charge charged by the gate capacitance 
of FET6 at high speed in the gate of FET6 for a synchronization of the synchronous detection 
circuit 17 (it is made to discharge), and the base of this transistor 9 and the gate of FET6. and 
the connection of the emitter of the transistor 7 for a clamp of a waveform shaping circuit, and 
the base of the transistor 9 for electric discharge. 

[0030] Similarly, the diode 22 for circuit cutting is connected to the gate of FETIO for a rotary 
flow of the synchronous detection circuit 18 between the connection of the transistor 13 for 
electric discharge which draws out the charge charged by the gate capacitance of FETIO at high 
speed (it is made to discharge), and the base of this transistor 13 for electric discharge and the 
Srite 0^ FFTlO and thp ronnecf'on of tHp emitter of the transistor 1 1 for a damo of a waveform 



[0032] It is the output voltage Vs of a transformer 5 now tor referring to drawing 1 and draw ing 
2 . - Time t1 If set to OV. the emitter of a transistor 1 1 will be set to OV through the collector of 
the transistor 1 1 "tu'-ned on", and the base of the tra-^sistor 13 for electric discharge connected 
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with this emitter will also be set to OV. Consequently, a transistor 13 will be in an "ON" state, 
the gate of FET10 is grounded, and the charge charged by the gate capacitance of FET10 is 
drawn out at high speed (it discharges). When a transistor 13 "turns on" on. diode 22 works so 
that the emitter of a transistor 1 1 and the gate of FET may be cut on a circuit, and promotes 
"ON" operation of a transistor 13. "ON" operation of the diode built in FETlO is prevented as a 
result of the above-mentioned operation. 

[0033] Since it operates like [ the transistor 9 for electric discharge, and the diode 2t for circuit 
cutting ] the above, the explanation is omitted. 

[0034] Moreover, in this invention, the switching circuit by the side of primary may use not only 
the switching circuit of an active clamp form as shown in drawing 1 but half bridge type, and 
stone forward type or Class E resonance type. 
[0035] 

[Effect of the Invention] this invention is constituted like the above and acts, and according to 
this invention, an effect as taken below is acquired. 

[0036] The 1st effect can gather efficiency by using a transistor and zener diode for a 
synchronous detection gate drive circuit. Moreover, the danger of gate destruction can also be 
abolished. 

[0037] Since a gate voltage is regularity (pressed down low) even if input voltage is high, the 
reason is because loss can be reduced and there is also no elevation of a gate voltage.. 
[0038] The 2nd effect can gather efficiency by using the transistor for electric discharge for a 
synchronous detection gate drive circuit. 

[0039] The reason is because "ofT [ of the gate voltage ] can be carried out at high speed, 
diode with built-in FET "does not turn [ but ] on" on and loss can be reduced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the detailed circuitry view showing the gestalt of 1 operation of this invention. 
[Drawing 2] It is the timing chart which shows the wave of each part of composition of having 
been shown in drawing 1 . 

[Drawing 3] It is the conventional circuit diagram. 

[Drawing 4] It is drawing showing the wave of each part of the circuit shown in drawing 3 . 
[Description of Notations] 

1 — Input power 

2 15 — Capacitor 

3. 4. 6. 10 — MOS FET 

5 — Transformer 

7. 9, 11. 13 — Transistor 

8 12 — Zener diode 

14 — Choke coil 

16 —Load 

17 18 — Synchronous detection circuit 

19 — Smoothing circuit 

20 — Parasitic capacitance 

21 22 — Diode 
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DRAWINGS 



fPrawing l] 




[Drawing 3] 




[Drawing 2] 
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